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Dividing wall column for fractionation of 
a multicomponent mixture 



The present invention relates to a dividing wall column 
for the fractionation of a multicomponent mixture and a 
process for isolating pure ethylhexyl p-methoxy- 
cinnamate by distillation. 

In the fractionation of feed mixtures into more than 
two highly pure fractions, for example into low 
boilers, intermediate boilers and high boilers, it is 
normally necessary to use a plurality of distillation 
columns. To limit the outlay in terms of apparatus, the 
fractionation of multicomponent mixtures consisting of 
more than two components is carried out using columns 
which are suitable for taking off liquid and gaseous 
media at side offtakes. However, the utility of 
distillation columns having side offtakes is greatly 
restricted by the fact that products taken off at the 
side offtakes are normally not completely pure. In the 
case of products taken off at the side in the 
enrichment section of a distillation apparatus, which 
are usually taken off in liquid form, the side products 
still contain proportions of low-boiling components 
which are normally taken off at the top. An analogous 
situation applies to products taken off at the side in 
the stripping section, which are usually taken off in 
vapor form and still contain proportions of the high 
boiler. When using such conventional side offtake 
columns, contaminated side products .are virtually 
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always obtained, so that the use of side offtake 
columns is unsuitable for the isolation of pure 
substances . 



5 For this reason, it is generally necessary to use 
column assemblies comprising at least two separate 
columns, especially for the isolation of intermediate- 
boiling pure substances from multicomponent mixtures. 

10 An advantageous alternative is provided by dividing 
wall columns. The use of dividing wall columns likewise 
makes it possible to isolate side products, i.e. 
intermediate-boiling components, in pure form from 
multicomponent mixtures. In dividing wall columns, a 

15 dividing wall is installed in the middle region. This 
extends above and below the feed point. On the other 
side, which is located opposite the feed point, there 
is provided at least one side offtake located at the 
same height as or above or below the feed point. The 

20 dividing wall is located between side offtake and feed 
point. The dividing wall is arranged vertically. In the 
region of the column which is divided by the dividing 
wall, transverse mixing of liquid and vapor streams is 
not possible. This reduces the total number of 

25 distillation columns required in the fractionation of 
multicomponent mixtures. A dividing wall column 
generally has the following segments: 

- an upper column region located above the dividing 
30 wall, 

a feed section located on the side of the feed point 
and bounded laterally by the dividing wall, 

- an offtake section located on the side of the side 
offtake and is bounded laterally by the dividing 

35 wall and 

a lower column region located below the dividing 
wall . 
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The enrichment section of the feed section is the upper 
region of the feed section located above the feed 
point, and the stripping section of the feed section is 
5 the lower part of the feed section located below the 
feed point. The offtake section is divided into an 
upper part located above the side offtake and a lower 
part located below the side offtake. A dividing wall 
column is in principle a constructional simplification 

10 of thermally coupled distillation columns, but the 
latter incur higher capital costs. Dividing wall columns 
and thermally coupled columns offer advantages over an 
assembly of conventional distillation columns both in 
respect of energy consumption and in terms of capital 

15 costs and their use is therefore preferred in industry. 
Dividing wall columns can be configured either as 
packed columns containing random or ordered packing or 
as tray columns. If packed columns containing ordered 
packing are used, ordered mesh packing having a specific 

20 surface area of from 300 to 800 m 2 /m 3 , preferably from 
500 to 750 m 2 /m 3 , is particularly suitable. Dividing wall 
columns are usually configured so that the dividing 
wall runs vertically and the cross-sectional areas of 
the offtake section and of the feed section are equal. 

25 Further information on dividing wall columns is given, 
for example, in EP-A-0 122 367, EP-B-0 126 288 and 
EP-B-0 133 510. 

It is an object of the present invention to provide a 
30 dividing wall column which has lower operating costs 
and gives better separation performance than previously 
known dividing wall columns, particularly at low 
operating pressures of from about 0.5 to 20 mbar. 
Particular attention should be paid to the segments of 
35 this dividing wall column being optimally utilized in 
the distillation process. 



We have found that this object is achieved by a 
dividing wall column divided in the middle region into 
a feed section and an offtake section by a dividing 
wall and having as segments 

a) an upper column region, 

b) an enrichment section of the feed section, 

c) a stripping section of the feed section, 

d) an upper part of the offtake section, 

e) a lower part of the offtake section, 

f) an intermediate region of the feed section, 

g) an intermediate region of the offtake section 
and 

h) a lower column region, 

where the dividing wall is located vertically between 
the segments b) and d) and between the segments c) and 
e), the segments b) , d) , c) and e) have separation- 
active internals and the cross-sectional area A b of the 
segment b) is at least 10% smaller than the cross- 
sectional area A d of segment d) , and the cross-sectional 
area A c of the segment c) is at least 10% greater than 
the cross-sectional area A e of segment e) . 

Segment f) is located between the segments b) and c) 
and, correspondingly, segment g) is located between the 
segments d) and e) . The segments b) and d) usually have 
the same number and same types of separation-active 
internals. In general, the segments c) and e) have the 
same number and same types of separation-active 
internals. The upper column region and the lower column 
region preferably contain separation-active internals, 
but the intermediate region usually has no separation- 
active internals. 

The advantage of the dividing wall column of the present 
invention is that, particularly at low operating 



pressures of from about 0.5 to 20 mbar, the separation 
can be carried out at lower cost and with a better 
separation performance than when using a dividing wall 
column of the prior art. These advantageous results are 
achieved, in particular, in applications in which, as a 
result of the multicomponent mixture fed in, the load 
in the segments b) and e) is comparatively low and the 
load in the segments c) and d) is comparatively high. 
Thus, the dimensions of the segments are designed 
according to the F factor. The F factor is a measure of 
the load due to the gas stream in the column, namely a 
measure of the impulse of this gas (F factor: gas 
velocity in m/s multiplied by the root of the gas 
density in kg/m 3 ) . At a higher F factor, a greater 
cross-sectional area is accordingly provided in the 
segment concerned. This leads to optimal loading of 
this segment and thus to better separation performance. 
Conversely, segments which have a lower loading are 
made smaller so that sufficient wetting of the 
separation-active internals present by a liquid film is 
ensured; if the latter segments were to have larger 
dimensions, corresponding separation-active internals 
would normally not be completely wetted. Complete 
wetting of the separation-active internals is, however, 
a prerequisite for a high separation performance. The 
dividing wall column of the present invention can thus 
be matched optimally to the respective separation task 
- no segments having unnecessarily large dimensions for 
the separation problem concerned are installed, as a 
result of which the outlay in terms of apparatus is 
reduced and the corresponding separation process can be 
made more cost effective. 

The segments may, if desired, also be provided with 
various separation-active internals and distribution 
devices for liquid. For applications in the subatmos- 
pheric pressure range, it is possible to provide 



specific distributors whose design and dimensions are 
chosen in conjunction with the determination of the 
ratios of the cross sections of the segments. The 
corresponding ratios of the cross sections are usually 
chosen so that favorable conditions for liquid distri- 
bution are obtained, particularly at low operating 
pressures of from about 0.5 to about 20 mbar at low 
liquid downflow densities. The separation internals in 
the segments are generally selected so that they incur 
minimal capital costs. The preferred ratio of the 
cross-sectional areas depends on the division ratio of 
the liquid at the upper end of the dividing wall and on 
the operating pressure P. For the purposes of the 
present invention, the operating pressure is the 
pressure at the top of the dividing wall column. 
In general, the cross-sectional area A b of the segment 
b) is at least 40%, preferably at least 60%, smaller 
than the cross-sectional area A d of segment d) . Further- 
more, the cross-sectional area A c of the segment c) is 
usually at least 40%, preferably at least 60%, greater 
than the cross-sectional area A e of segment e) . 

In a preferred embodiment of the invention, the 
operating pressure P is in the range from 0.0005 to 
10 bar and the calculated ratios of the cross-sectional 
areas A' b /A' d and A' c /A' e are given by the following 
relationships : 
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Here, A' b , A' d , A' c , A' e are the cross-sectional areas of 
the segments b,d,c,e provided for the calculation; m s , b , 
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m s ,cu iti SfC / ^s,e are the volume flows of gas through the 
segments b,d f c,e f measured in m 3 /h; m i/b , m ±fdf rrii, c , m i/e 
are the volume flows of liquid through the segments 
b,d,c,e, measured in m 3 /h, and the exponent C is 
5 obtained as operating-pressure-dependent variable from 
the empirically determined function shown in Fig. 3. 
The calculated ratios A' b /A' d and A' C /A' e deviate from 
the corresponding, actual ratios A b /A d and A c /A e by not 
more than 30%, preferably not more than 20%. In the 
10 dividing wall column, correspondingly desired area 
ratios can also be realized for ordered packing, since 
the manufacture of the ordered packing elements is now 
usually computer controlled in the manufacturing 
companies . 

15 

In the design of the dividing wall column, the 
separation stages should preferably be divided so that 
the height of the segment b) together with that of the 
segment e) is as close as possible to the height of the 

20 segment c) together with that of the segment d) . If 
unequal heights of the separation internals cannot be 
circumvented, subregions in the segments b) and e) or 
in the segments c) and d) are not provided with 
separation internals. However, appropriate choice of 

25 separation internals of different separation performance 
usually allows such free spaces to be avoided in 
practice . 

The operating pressure of the dividing wall column is 
30 frequently in the range from 0.0005 to 0.02 bar and use 
is made of liquid distributors in which the liquid 
distribution occurs by the bank-up principle and the 
downstream fine liquid distribution occurs by the 
capillary principle. The number of drip points is 
35 preferably from about 200/m 2 to 1 000/m 2 . Preferred 
construction types are channel groove distributors. 
Also suitable are channel groove distributors in which 



the capillary liquid distribution is circular and also 
ones in which the capillary liquid distribution is 
linear. However, all these different construction types 
can distribute small amounts of liquid in a high degree 
of dispersion over large cross-sectional areas. 
Together with the optimized ratios of the cross 
sections of the segments, advantageous constructions 
are thus obtained for columns which operate at low 
pressures of from 0.5 to 10 mbar. 

Ordered packing elements having a cross-channel 
structure are frequently used as separation-active 
internals. Here, the uppermost packing element below 
the liquid distributor is usually aligned so that the 
individual layers run parallel to the dividing wall. 

In the construction of the dividing wall column, the 
dividing wall is preferably fixed to the column wall by 
welding. However, it is also possible in principle to 
provide releasable connections or to mount the dividing 
wall unfastened between the packing elements, as 
described in EP-A-0 804 951. The part of the dividing 
wall which is located between the segments f) and g) is 
generally fixed in place by welding. The dividing wall 
between the segments f) and g) is generally arranged 
obliquely and usually forms an angle of from 25 to 75°, 
preferably from 55 to 65°, to the horizontal. In this 
arrangement, turbulence in the gas stream, which can 
adversely affect the separation performance, is largely 
avoided. 

In general, the liquid is conveyed to the feed section 
by means of a pump or is introduced in a flow- 
controlled manner via a static feed height of at least 
about 1 m. The flow control is usually set so that the 
amount of liquid introduced into the feed section 
cannot drop below 30% of the " normal value" (for the 
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present purposes, the normal value is the amount, 
averaged over time, obtained per unit time at a parti- 
cular point in the corresponding continuous process) . 
The division of the liquid flowing down from the 
5 segment d) in the offtake section to the side offtake 
and to the segment e) in the offtake section is 
generally set by means of a flow control so that the 
amount of liquid flowing into the segment e) cannot 
drop below 30% of the "normal value". 

10 

The liquid can be taken off and divided at the upper 
end of the dividing wall and at the side offtake by 
means of either internal collection spaces for the 
liquid or such spaces located outside the column. These 

15 collection spaces assume the function of a pump 
reservoir. In the case of tray columns, it is particu- 
larly useful for this purpose to increase the downflow 
shaft to about 2 to 3 times the customary height and to 
store the appropriate amount of liquid in the downflow 

20 shaft. When using packed columns, the liquid is firstly 
collected in collectors and from there conveyed into an 
internal or external collection space. In general, 
pivoting funnels offer an inexpensive alternative. In 
the case of tray columns and if pressures are relatively 

25 high, the liquid can also advantageously be banked up 
in a chimney tray. 

In a preferred embodiment of the invention, the feed 
mixture introduced contains from 70 to 95%, preferably 
from 75 to 90%, of ethylhexyl p-rnethoxycinnamate as 
30 intermediate-boiling desired product. 

In addition to ethylhexyl p-methoxycinnamate, this 
mixture usually further comprises from 1 to 5% of 
lower-boiling by-products and from 5 to 25% of higher- 
35 boiling by-products. The number of theoretical plates 
in the dividing wall column used is then usually about 
35 and the ratios of the cross-sectional areas A^/A^ are 
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generally from 1:1.6 to 1:2.4, preferably from 
1:1.8 to 1:2. 2, and the ratios A c /A e are from 
1 : 1.6 to 1 :'2.4, preferably from 1 : 1.8 to 1 : 2.2. 
Correspondingly , the dividing wall column is then 
5 operated at a pressure at the top of from 1 to 10 mbar, 
preferably from 4 to 6 mbar. 

The present invention also provides a process for 
isolating pure ethylhexyl p-methoxycinnamate by distil- 
10 lation using a dividing wall column as described above. 
In the process of the present invention, the feed 
mixture (11, 12, 13) introduced comprises from 70 to 
95%, preferably from 75 to 90%, of ethylhexyl p-methoxy- 
cinnamate as intermediate-boiling desired product (12). 

15 

In the accompanying drawing, 

• Fig. 1 schematically shows a dividing wall column 
according to the prior art, 

• Fig. 2 schematically shows a dividing wall column 
20 according to the present invention and 

• Fig. 3 shows the dependence of the empirically 
determined exponent C on the operating pressure 
of the dividing wall column. 

Fig. 2 shows the fractionation of a multicomponent feed 
25 mixture 11, 12, 13 in a dividing wall column according 
to the present invention to give a low boiler 11, an 
intermediate-boiling desired product 12 and a high 
boiler 13. The dividing wall 7, 8 is vertical in its 
upper and lower sections 7 and is arranged obliquely in 
30 its middle section 8. The upper column region 1 is 
located above the dividing wall 7, 8, and the lower 
column region 6 is located below the dividing wall 7, 
8. The feed line opens into segment f) 9 and the side 
offtake is connected to the segment g) 10. 

35 

The invention is illustrated below by means of an 
example . 
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Example : 

The dividing wall column used as experimental column 
5 had a diameter of 0.2 meters, was provided over a total 
height of 7 meters with wire mesh packing having a 
specific surface area of 500 m 2 /m 3 and contained a total 
of 41 theoretical plates. The dividing wall was welded 
in place between the 8th and 30th stages (counted from 

10 the bottom) . The feed point and the offtake point for 
the liquid taken off at the side were located at the 
same height. The liquid was divided in a flow ratio of 
1 : 3 between the segments b) 2 and d) 3 of the column. 
The ratio of areas of the segments b) 2 and d) 3 of the 

15 column was 1:2, and the ratio of the areas of the 
segments c) 4 and e) 5 of the column was 2:1. The 
middle region 8 of the dividing wall 7, 8 was arranged 
obliquely and had an angle of 60° to the horizontal. 
The pressure at the top was 5 mbar. The feed mixture 

20 11, 12, 13 was introduced into the column in liquid form 
at a flow rate of 8.5 kg/h and a temperature of about 
170 °C. The feed mixture comprised 85% of ethylhexyl 
p-methoxycinnamate, 5% of lower-boiling by-products and 
10% of higher-boiling by-products. At the top of the 

25 column, about 0.5 kg/h of lower-boiling by-products 
having a residual ethylhexyl p-methoxycinnamate content 
of 5% was taken off at a reflux ratio of 12. The bottom 
product, which comprised predominantly higher-boiling 
by-products, was taken off in an amount of about 

30 0.9 kg/h and contained 5% of ethylhexyl p-methoxy- 
cinnamate. The intermediate-boiling desired product 12, 
namely ethylhexyl p-methoxycinnamate, was taken off as 
a liquid in an amount of about 7.1 kg/h and a purity of 
> 99.5% at the side offtake. 

35 

The above experiment shows that certain multicomponent 
mixtures can be fractionated effectively: the 
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intermediate-boiling desired product can be isolated in 
high purity. The above-described dividing wall column 
of the present invention enables, at a constant flow of 
the feed mixture introduced, the intermediate-boiling 
desired product to be obtained in a higher purity than 
when using a customary dividing wall column according 
to the prior art. This is due, inter alia, to the 
comparatively low pressure drop in the dividing wall 
column of the present invention. The lower pressure 
drop makes it possible for the dividing wall column to 
be operated at relatively low temperatures at the 
bottom. Low temperatures at the bottom result not only 
in energy savings but also in reduced formation of by- 
products which could get into the product taken off at 
the side. A dividing wall column according to the prior 
art would have to be correspondingly larger and require 
a higher energy input to achieve the same separation 
performance . 



